to that of Xnr2 and gsc, further suggesting that Xlefty can negatively regulate dorsal Wnt-responsive gene expression. To eliminate the possibility that the observed expansions in Nodal-and Wnt-responsive gene expression were indirectly due to downregulation of the Nodal/ Wnt/Bmp antagonist Cerberus (Cer) [21, 22] , we examined cer expression in Xlefty-deficient embryos ( Figure  2A ). The endogenous Nodal-responsive expression of cer in the anterior mesendoderm [3, 22] was not downregulated but exhibited upregulation and ectopic expansion into the endogenous Xlefty expression domain. Altogether, these results indicate that during gastrulation Xlefty restricts the spatial extent of both Nodal-and Wnt-responsive gene expression in the dorsal organizer.
The expansion of the organizer in Xlefty-deficient embryos, in addition to the shift of convergent extension activity in Xlefty-deficient dorsal lip explants (Supplementary Figure S2 ), suggested that the presumptive dorsal mesoderm might be farther from the dorsal lip than usual. Furthermore, the expansion of gsc expression in these embryos also suggested a shift of presumptive dorsal mesoderm because Gsc can directly repress the transcription of Xbrachyury (Xbra) [23, 24] , a Nodalresponsive pan-mesoderm marker [3, 6, 8, 10, 25]. As predicted, the inner circumference of the ring of Xbra expression was farther from the dorsal blastopore lip in the Xlefty-deficient embryos than in controls, whereas the outer circumference, which normally coincides with the outer boundary of dorsal Xlefty expression, now extended beyond it (Figure 2) . Additionally, the width of the Xbra ring in the Xlefty-deficient embryos was expanded, indicating a broader domain of presumptive dorsal mesoderm during gastrulation. However, the relatively normal amount of Xbra expression in post-gastrula Figure 2) . Surprisingly, the organizer expression of Xnr3 was upregulated and expanded in a manner similar Xlefty RNA (100-800 pg) with Xnr1 (400-800 pg) strongly 
targeting (our unpublished data). A is animal pole, Vg is inhibited by Xlefty coinjection. (G-I) The weak induction of Xnr3 vegetal pole, D is dorsal, and V is ventral. (B-G) Injected embryos expression by Xnr1 suggests that Xlefty does not indirectly inhibit

Nodal-and Wnt-Responsive Gene Expression
The ability of Xlefty to negatively regulate both Nodaland Wnt-responsive gene expression was further suggested by the observation that Xlefty not only locally inhibited the ectopic induction of Xbra and Xnr3 expresof the signaling of several members of the Nodal family sion (Figure 3) but also acted at a distance to inhibit the (Xnr1 (Figure 3; [6, 8] Figures 4D and 4G) , thus pathways that are required for Wnt-dependent induction suggesting that Xlefty is a diffusible inhibitor of endogenous Nodal-and Wnt-responsive gene expression. of Xnr3 expression. 5A). In the absence of Xlefty function, this expression expands, and consequently the fate domains of the organizer (gsc, Xnr2, Xnr3) and dorsal mesoderm (Xbra) also expand. How do these changes lead to exogastrulation? We hypothesize that Xlefty-deficient exogastrulation occurs when noninvoluted dorsal mesoderm cellautonomously converges and extends at mid-gastrula stages, just as involuted dorsal mesoderm does in the normal gastrula embryo [12, 13] . We further hypothesize that this spatially aberrant, but temporally normal, morphogenesis directly results from the expansions and shifts of dorsal cell fate in the Xlefty-deficient embryos.
Normally, the dorsal Xbra-expressing cells, destined to become notochord, involute and begin convergent extension by mid-gastrulation [ Figure S3) . Furthermore, the convergent extension of noninvoluted dorsal mesoderm has previously been proposed to drive exogastrulation [12] . 
